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The Aquatic Conservation Strategy (ACS) of the Northwest Forest Plan is designed to 
restore and maintain the process that create and maintain conditions in aquatic 
ecosystems over time across the area inhabited by the northern spotted owl (Strix 
occidentalis caurina).  The ACS is a region-wide strategy designed to restore and protect 
the ecological processes and landforms the contribute habitat elements to streams and to 
promote the favorable ecological conditions for fish and other aquatic and riparian-
dependent organisms (FEMAT 1993).  The ACS was based on the best science available 
at the time.   
 
Much scientific literature on aquatic ecosystems, on the impact of human activities on 
them, and on conservation strategies for fish and other aquatic and riparian organisms has 
been produced since FEMAT in 1993.    This document summarizes key science findings 
on the topics of: (1) ecosystem and landscape dynamics and the range of natural variation 
(RNV); and (2) the ecological role of headwater streams.  These are key topics that relate 
to ACS components and they are particularly relevant to the changes proposed by the 
Draft Supplemental Environmental Impact Statement.  This document synthesizes some 
of the key peer-reviewed literature on these topics.  However, it does not summarize or 
review all of the scientific literature about the topics listed previously or about other 
components of the ACS.  Documents that provide excellent reviews and synthesis on 
these and other relevant topics include Spence et al. (1996), National Research Council 
(1996), Naiman and Bilby (1998), Gresswell (1999) and Everest and Reeves (in review). 
 
Spatial and Temporal Scales and Disturbance 
 
 General Review 
 
Prior to the development of the ACS, much of the focus for fish was on relatively small 
spatial scales, such as habitat units (Bisson et al. 1982, Nickelson et al. 1992) and reaches 
(Murphy and Koski 1989).  Williams et al. (1989) found that no fish species listed under 
that Endangered Species Act was ever recovered after listing.  They attributed this to the 
general failure of recovery efforts to focus on habitat attributes rather than on the 
restoration and conservation of ecosystems.   
 
The ACS is focused at the ecosystem and landscape levels and developed for application 
over broad geographic areas.  This was necessary to aid in the recovery of freshwater 
habitats of listed and declining populations of anadromous salmon and trout 
(Oncorhynchus spp.) and other fish within the range of the northern spotted owl.  Since 
the ROD, a variety of sources, including interested publics, interest groups, scientific 
review and evaluation groups (e.g., National Research Council 1996, Independent 
Multidisciplinary Scientific Team 1999), regulatory agencies, and policy- and decision-
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makers have called for the development of policies and practices to manage the 
freshwater habitats of at-risk fish at ecosystem and landscape levels.  
 
Our understanding of what constitutes the aquatic ecosystem and the landscape they 
occupy, particularly with regards to anadromous salmon and trout that are the major 
focus of ACS, has evolved since the ROD.  Ecosystems and landscapes are different 
entities and therefore, have different management requirements.  Ecosystems are vague 
entities with boundaries that may shift with space and time.  Reeves et al. (2002) and 
Reeves et al. (in press-a) considered the watershed, which was defined as subbasins of 
20-200 square miles by FEMAT (1993), to be the boundaries of an aquatic ecosystem.   
This delineation is consistent with the size criteria and definition of ecosystems of Hunter 
(1996).    A landscape is a mosaic or collection of ecosystems (Hunter 1996) that occupy 
a relatively large area (2.47 X 105 to 2.47 X 107 acres (Concannon et al. 1999)).  From an 
aquatic perspective, multiple watersheds that are contiguous are considered a landscape 
(Reeves et al. 2002, Reeves et al. in press-a). 
 
Major paradigms of ecosystem management include (Lugo et al. 1999): 
 (1) Ecosystems are not steady state but are constantly changing through time. 

(2) Ecosystems should be managed from the perspective of resilience, as opposed 
to stability. 
(3) Disturbance is an integral part of any ecosystem and is required to maintain 
ecosystems. 

 
Ecologists (Holling 1973, White and Picket 1985) and managers recognize the dynamic 
nature of terrestrial ecosystems and how the associated biota and physical characteristics 
change through time.  They are also aware that range of conditions that an ecosystem 
experiences is determined to a large extent by the disturbance it encounters (e.g., wildfire, 
hurricane, timber harvest and associated activities, etc.).  Natural disturbances can: (1) 
increase biological diversity; (2) be crucial for the persistence of some organisms and the 
habitat that support them; and (3) express and maintain key ecological processes (Turner 
et al. 1994).   
 
Resilience is the ability of an ecosystem to recover to pre-disturbance conditions 
following a disturbance (Lugo et al. 1999).  An ecosystem demonstrates resilience after a 
disturbance when the environmental changes caused by the disturbance are within the 
range of range of conditions that that the system experienced before disturbance (See 
discussion of range of natural variability that follows).  Reduced resilience may include 
extirpation of some species, increases in species favored by available habitats (Levin 
1974, Harrison and Quinn 1989, Hansen and Urban 1992).   
 
The less management actions resemble the natural disturbance regime under which an 
ecosystem evolved, the less resilient an ecosystem will be.  Thus, the obvious challenge 
for ecosystem management is to make management actions resemble the natural 
disturbance regime as closely as possible (Lindenmayer and Franklin 2002).  Factors that 
should be considered in developing ecosystem management plans and policies include 
frequency, magnitude (White and Pickett 1985, Hobbs and Huenneke 1992) and legacy 
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(i.e., the conditions and materials that exist immediately following the disturbance)  
(Reeves et al. 1995, Lindenmayer and Franklin 2002) of disturbance regimes in managed 
ecosystems.  The impact on the ecosystem will depend on how closely the management 
disturbance regime resembles the natural disturbance regime with regard to these factors.  
Everest and Reeves (in review) reported that they found no evidence in the peer-reviewed 
literature where fish populations or habitat responded positively to or remained 
unchanged as a result of the impacts from intensive land management activities. 
 
Landscape management strives to maintain a variety of ecological states in some desired 
spatial and temporal distribution.  To do this, landscape management must consider: (1) 
the development of a variety of conditions or states in individual ecosystems with the 
landscape at any point in time; and (2) the pattern resulting from the range of ecological 
conditions that are present (Gosz et al. 1999).  Management should address the dynamics 
of individual ecosystems, the external factors that influence the ecosystems that 
compromise the landscape, and the dynamics of the aggregate of ecosystems (Concannon 
et al. 1999). 
 
To establish a dynamic perspective of ecosystems and landscapes, the range of natural 
variability (RNV) must be recognized.  RNV is the range of conditions that a spatial level 
of organization experiences naturally over an extended time period, several decades to 
centuries.  It is often used for individual components of an ecosystem, such as number of 
pieces of large wood or number of pools, or for ecological states.  The usual manner for 
establishing the RNV for a parameter is to measure the parameter in pristine systems (i.e., 
systems having little of no history of impact from human activities).  The RNV is 
represented by the range of these values.   This is well established for terrestrial systems 
(i.e., early-, mid-, and late-successional) (e.g., Wimberly et al. 2000) but not nearly well 
or widely recognized for aquatic ecosystems.   
 
Spatial scale is an important, but not well recognized, element of RNV.  The RNV is 
inversely related to spatial scale (Wimberly et al. 2000). The smaller the spatial scale, the 
larger the RNV and, conversely, the larger the scale the smaller the RNV.  Hierarchy 
theory provides the rationale for this relation and is an appropriate framework for 
considering ecosystem issues at and between different spatial scales (Overton 1977).  
Each level within the hierarchy of an ecosystem has unique properties and behaviors that 
are expressed over time.  The properties of lower levels of organization are “averaged, 
filtered, and smoothed” as they are aggregated at higher levels of organization (O’Neill et 
al. 1986).  Consequently, the range and variability in the properties and conditions of the 
system are relatively wide at lower levels of organization compared to higher levels 
(Wimberly et al. 2000).  A recent paper on the concept of RNV (Landres et al. 1999) and 
another estimating RNVs (Keane et al. 2002) did not consider the effect of spatial scales 
stimulations.   
 
Wimberly et al. (2000) illustrated the RNV of successional vegetative stages in the 
Oregon Coast Range at the various spatial scales.  They estimated (based on a model of 
fire frequency and intensity and vegetation response over 3000 years) that at the scale of 
a late successional reserve (100,000 acres) the range in the amount of old growth was 
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from 0 to 100%.  For an area roughly the size of a national forest (750,000 acres), the 
RNV for old growth was from approximately 10 to 75%.  The RNV for the Coast Range 
(5,600,000 acres) was 30-55%.   
 
The following example can be used to further explain the reason for the relation between 
RNV and spatial scale.  Assume that a person is suspended in a balloon above a given 
area in the Oregon Coast Range for several decades to centuries and is able to observe the 
changes in the age of trees, similar to what Wimberly et al. (2000) did with their model.  
There is a very high likelihood that the sites will be disturbed at some point in time by 
wildfire, a windstorm, or other infrequent disturbance event.  Immediately following the 
event there will be no older trees; they will have been killed by the event.  Assuming that 
the next large disturbance event will not occur for some time, new trees will grow and 
eventually the entire area will be covered with old trees.  The RNV is 0 to 100% for at 
this scale. 
 
A different pattern would be observed if the balloon was suspended at a higher altitude 
and a larger area was observed.  The large, infrequent disturbance events generally affect 
relatively small portions of the landscape at any one time.  Thus, it is very unlikely that 
the entire area being observed would be affected by a disturbance event at the same time.  
The asynchronous nature of the disturbance events results in a series of patches of 
vegetation of different ages.  This narrows the RNV because of the reduce likelihood of 
finding the extreme condition of the entire area either had no old growth or all of it was 
old growth at any point in time.  The RNV is further reduced at larger spatial scales 
because disturbance events are even more desynchronized. 
 
 Dynamics and Aquatic Ecosystems 
 
The perspective that aquatic systems are dynamic, particularly at the ecosystem and 
landscape scale, was not widely recognized at the time that the ACS was developed.  
Prior to the development of the ACS, there was recognition that biotic (Resh et al. 1988) 
and physical (Swanson et al. 1988) components of aquatic systems, particularly at the 
smaller spatial scales, were influenced by relatively frequent events, such as floods.    
One reason for the absence of the recognition of dynamics of aquatic ecosystems is that 
the major paradigms that shape our thinking about aquatic systems, such as the River 
Continuum Concept (Vannote et al. 1980), do not consider time or its influence.  
Similarly, classification schemes such as that of Rosgen (1994) identify a single set of 
conditions for a given stream or reach type; no consideration is given as to how these 
conditions may vary over time.  The physical and biological relations were assumed to be 
fixed in time and to be unchanging.  Frissell et al. (1986) describe the hierarchical 
organization nature and identify a temporal component associated with each level; the 
finer the scale, the shorter the response period.  However, they did not consider how 
features of a given level in the hierarchy respond over time.  A more recent examination 
of the hierarchical organization of streams by Fausch et al. (2002) also recognized that 
time is a critical factor to consider when examining aquatic ecosystems.  However, they 
did not integrate it into their description of stream systems.  Failure to incorporate time 
into consideration of aquatic systems, especially at higher levels of organization, has led 
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to an implied expectation that stream ecosystems experience a limited, if not single, set of 
conditions and that this condition (or conditions) is relatively stable through time.     
 
The foundation for the focus on ecological processes and dynamics of the ACS came 
from Naiman et al. (1992).  They hypothesized that different parts of a watershed (i.e., 
headwaters, middle portion, lower portion) had different disturbance regimes, based on 
frequency and magnitude of disturbance.  They also believed that the landscape would 
have watersheds with range of conditions because of the asynchronous nature of large 
and infrequent disturbance events, such as wildfire and flooding.  Since then a number of 
studies examined the dynamics of aquatic ecosystems in space and time since the ACS.   
Reeves et al. (1995) described the range of conditions of watershed in the Tyee 
sandstones of the central Oregon coast in response to wildfire.  They found a range of 
conditions from less productive to more productive.  May (2001) did this for headwater 
streams in the same region and found a wide variation in conditions within a channel and 
between channels.  Channels that had not been disturbed for several decades were filled 
with gravel and wood.  Recently disturbed channels were devoid of sediment and wood 
and were scoured to bedrock.  Benda and Dunne (1997a,b) and Benda et al. (1998) 
described a similar distribution of in-channel sediment conditions in watersheds over 
time.   Benda et al. (in press-a) examined the impact of landslides following wildfires on 
aquatic ecosystems in the Boise River, Idaho. The landslides had significant impacts on 
the channel, creating complex channels and delivering large amounts of wood to the 
channel.  These conditions are expected to vary widely over time.          
 
The following from Reeves et al. (1995) is a synopsis of the long-term response of 
aquatic ecosystems to disturbances and an illustration of the concept of the RNV at the 
watershed scale.  Reeves et al. (1995) examined three watersheds in the central Oregon 
Coast Range that were at different points of time from the last major wildfire and 
catastrophic hillslope failure.  The most recently disturbed watershed (80-100 years since 
the last major fire and hillslope failure) and the one that had not been disturbed for an 
extended time (300 years) had the simplest, and least favorable fish, habitat.  However, 
the specific habitat attributes varied between these watersheds.  The most recently 
disturbed watershed had large amount of gravel and a relatively low abundance of large 
wood.  The system that was the furthest from disturbance had just the opposite, little to 
no gravel and an abundance of large wood.  The watershed that was intermediate in time 
from disturbance (160-180 years) had intermediate levels of gravel and wood and the 
most favorable conditions for fish.  The numbers and diversity of juvenile salmon and 
trout was greater in this watershed than in the others.   
 
Recent studies examined how that aquatic ecosystems at the site and reach scale respond 
to landslides and/or floods.  Hogan et al. (1998) examined the impacts of landslides from 
timber harvest activities on streams in the Queen Charlotte Islands, British Columbia.  In-
channel features changed immediately following the landslide.  Upstream of a deposit, 
pools were lost and smaller sediments accumulated in riffles.  Downstream the channel 
gradient steepened and the amount of gravel declined.  Over time, 10-50 years depending 
on site-specific features and conditions, more complex and diverse conditions for fish 
developed.  
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Studies in the Appalachian Mountains of Virginia examined the impacts of floods and 
landslides.  Dolloff et al. (1994) examined changes in biological and habitat conditions in 
a small stream following flooding associated with Hurricane Hugo.  There was no change 
in the total area of riffles and pools but the total number of habitat units declined and 
their mean depth decreased.  The amount of large wood in the channel doubled.  No fish 
species were lost from the system but the numeric response varied.  Some species 
increased in abundance and others declined. 
 
In Shenandoah National Park, physical and biological features of a stream that 
experienced flooding and a debris flow varied over five years of study (Roghair et al. 
2002).  Immediately following the debris flow and flood, the number of pools and riffles 
and substrate size increased and pool and riffle surface area decreased.  Five years later, 
the total number of pools was at level found before the flood and debris flows and 
substrate size decreased.  The density of brook trout (Salvelinus fontinalis) four years 
after the flood and debris flow exceeded the pre-event level.  It declined to pre-event 
levels in the fifth year. 
 
Several factors influenced the responses of the studies that were just discussed.  The 
physical legacy of the disturbances was important.  Wood and sediment are the basic 
building blocks of fish habitat.  These materials were introduced into the streams and 
allowed for the development of conditions favorable to fish over time.  The presence of 
refugia is an important determinant of how fish respond to disturbances (Sedell et al. 
1990).  A refugia can be an area that afforded protection to individuals during the 
disturbance event and is the affected area or it could be a nearby area that was not 
affected.  Refugia provide sources of individual to re-establish populations in affected 
areas.  Additionally, the life history (Dolloff et al. 1994) and habitat requirements 
(Reeves et al. 1993, Reeves et al. 2002) can influence the immediate and longer-term 
response of a species to disturbance events.  

 
Implications  

 
Focusing policies for and management of aquatic ecosystems at the landscape scale 
presents challenges to policy makers, managers, and regulators (Reeves et al. 2002).   
One major task is to understand how the condition of aquatic ecosystems varies through 
time at all spatial scales and the ecological, social, and economic implications of this 
variation.  Currently, the natural range of the condition of aquatic ecosystems is assumed 
to be small and to generally be good with regards to habitat.  This condition is expected 
to be relatively constant through time and to be present on all systems at the same time.  
Assuming that this expectation can simply be applied to higher spatial levels is at least 
partially responsible for the current misunderstanding about the ACS.   Focusing on the 
landscape requires an understanding that conditions in aquatic systems vary over time at 
each spatial scale.  It also requires that appropriate goals and objectives be established for 
the landscape.  In the case of aquatic ecosystems and watershed, this will require 
identifying what is the appropriate fraction of the watershed that should be in “good” 
condition at any point in time.  Also, it requires the articulation of policies that recognize 
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the dynamic nature of aquatic ecosystems and describe practices that allow the systems to 
express a range of desired conditions over time.      
  
The dynamic view of aquatic ecosystems and landscapes described in the previous 
paragraph is not uniformly held or recognized in the scientific community.  Montgomery 
et al. (2003) questioned the role that dynamics plays in unmanaged situations.  They 
contend that the role of disturbances such as debris flows in old-growth forests is limited.  
They believed that models of disturbance ecology for salmonids, such as that presented 
by Reeves et al. (1995), need to recognize differences in the disturbance dynamics of old 
growth and industrial forests.  This is necessary to “provide credible avenues for 
determining risk associated with land management in steep forested terrain” 
(Montgomery et al. 2003 p. 87).  They felt that “management recommendations based on 
evolutionary interpretations that are themselves based on a disturbance model primarily 
applicable to industrial forests may prove misleading” (Montgomery et al. 2003 p. 87).   
 
It is imperative that the spatial scale be specified when RNV and cumulative effects are 
discussed or evaluated.  At small scales the RNV is very large.  Consequently, it could be 
argued that there would be no cumulative effects resulting from management actions, 
except from the most extreme impacts.  Most assessments of the impacts of human 
activities are made at relatively small scales.  Failure to recognize the relation between 
space and RNV undoubtedly contributed to the current confusion about the ACS and the 
scales at which it is applied and how compliance is measure.   
 
Also, understanding the relation between different spatial scales is necessary to 
successfully assess the effects of management policies and activities aquatic ecosystems 
in the future.  The failure to articulate or to recognize this relation contributes to the often 
intense and divisive debate about management policies and practices and impedes the 
development of viable options for managing aquatic ecosystems.  Shifting the focus to 
landscape levels will require recognition of the principles about hierarchy theory and the 
relation among levels of organization if future management and assessment policies are 
to be successful. 
 
 
Headwater streams 
 
The establishment of Riparian Reserve was one of the cornerstones of the ACS.  The 
Riparian Reserve network included fish-bearing streams, which had been the focus of 
management of aquatic ecosystems prior to FEMAT, as well as small, fishless headwater 
streams.  The latter generally comprise the vast majority of the stream network (Gomi et 
al. 2002).  Prior to the ACS these were not widely recognized as part of the aquatic 
ecosystem.  Knowledge and recognition of the ecological importance of headwater 
streams has increased since the ACS was first articulated.  They are sources of sediment 
(Benda and Cundy 1997a,b, Zimmerman and Church 2001) and wood (Reeves et al. in 
press-b) for fish bearing streams.  They provide habitat for several species of native 
amphibians (Kelsey and West 1998) and macroinvertebrates (Meyer and Wallace 2001) 
(including recently discovered species (Dieterich and Anderson 2000)) and may be 
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important sources of food for fish (Wipfli and Gregovich 2002).  Small streams are also 
storage and processing sites of nutrients and organic matter, which are important 
components of the energy base for organisms used by fish for food (Wallace et al. 1995, 
Webster et al. 1999, Kiffney et al. 2002, Wipfli and Gregovich 2002). 
 
Headwater streams are among the most dynamic portions of the aquatic ecosystems 
(Naiman et al. 1992).  Tributary junctions between headwater streams and larger channels 
are important nodes for regulating material flows in a watershed (Gomi et al. 2002) and 
are the locations where site level impacts from management activities are often observed.  
These locations have unique hydrologic, geomorphic, and biological attributes.  The 
movement of sediment, wood, and other materials through these locations result in sites 
of high biodiversity (Minshall et al. 1985, Johnson et al. 1995).  Habitat in these sites 
may also range from simple to complex depending on time from the disturbance (e.g., 
landslides and debris flows) and the types and amount of materials delivered to the 
channel. 
 
Large wood is an important element of stream and river ecosystems.  It forms and 
influences the size and frequency of habitat units for fish and other aquatic and riparian-
dependent organisms (Bilby and Ward 1989, Wallace et al. 1995, Bilby and Bisson 
1998). The size pieces and amount of wood in the channel also influences the abundance, 
biomass, and movement of fish (Murphy et al. 1985, Fausch and Northcote 1992, Harvey 
and Nakamoto 1998 Harvey et al. 1999, Roni and Quinn 2001).  
 
Wood enters streams via chronic and episodic processes (Bisson et al. 1987).  Chronic 
processes, such as tree mortality and bank undercutting (Grette 1985, Murphy and Koski 
1989, Bilby and Bisson 1998), generally introduce single pieces or relatively small 
numbers of trees at frequent time intervals.  Episodic processes usually add large amounts 
of wood to streams in large but infrequent events such as wind throw (Harmon et al. 
1986), wildfire (Agee 1993), severe floods, and landslides and debris flows (Keller and 
Swanson 1979, May 2002, Reeves et al. in review).   
 
Examinations of wood sources in streams (e.g., Murphy and Koski 1989, McDade et al. 
1990, Robison and Beschta 1990) have focused on chronic input from immediately 
adjacent riparian zone.  Such studies found that the vast majority of wood found in 
streams was derived from within a distance equal to the height of streamside trees.  These 
and other studies (e.g., Van Sickle and Gregory 1990) either did not consider episodic 
sources of wood or found that they were only a small proportion of the total input 
(Murphy and Koski 1989). 
 
In steep terrain, which is found on much of the area covered by the Northwest Forest 
Plan, landslides and debris flows are potentially important mechanisms for delivering 
sediment and wood from hillslopes and small headwater channels to valley-bottom 
streams.  Reeves et al. (in press-b) found that an estimated 65% of the number of pieces 
and 46% of the total volume of wood in a pristine watershed in coastal Oregon came 
from outside the riparian zone immediately adjacent to the fish-bearing stream.  Over 
80% of the total number of pieces of wood in a western Washington (Benda et al. in 
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review) and northern California stream (Benda et al. in press-b) were from upslope 
sources.  Other studies, such as May (2002) and Benda et al. (in press-a), found large 
amounts of wood from upslope sources in streams in the Oregon Coast Range and Idaho, 
respectively.  
 
Pieces of large wood delivered from upslope areas are generally smaller than those 
originating from the riparian zones along fish-bearing streams. Reeves et al. (in review) 
found that the mean volume of a piece of large wood from upslope areas was one third 
the mean size of pieces from stream adjacent riparian areas in a coastal Oregon stream.  
Differences in mean size is likely attributable to fire history and other stand-resetting 
events.  Hillslopes are more susceptible to fire and burn more frequently than streamside 
riparian zones (Agee 1993).  Thus, trees in the streamside riparian zone may be disturbed 
less frequently and achieve larger sizes than upslope trees. 
 
Geomorphic features of a watershed influence the potential contribution of upslope wood 
sources.  Steeper, more highly dissected watersheds will likely have a greater proportion 
of wood coming from upslope sources than will watersheds with lower gradients.   
Murphy and Koski (1989) and Martin and Benda (2001) found that upslope sources of 
wood comprised a relatively small proportion of the wood in streams that they examined 
in Alaska.   The watershed studied by Martin and Benda (2001) had a wide valley floor 
so wood was deposited along valley floors, away from the main channel.  In contrast, 
Benda et al. (in press-a) found that wood delivered in landslides following wildfires was 
deposited in wide valley reaches in the Boise River, Idaho.   In a central Oregon coast 
stream, Reeves et al. (in press) found that the amount of upslope-derived wood was 
greatest in reaches with narrow valley floors.     
 
Even in watersheds where the potential contribution from upslope sources of wood is 
high, the ability of individual upslope sources of wood to fish-bearing streams can vary 
widely.  Benda and Cundy (1990) identified the features of first and second order 
channels with the greatest potential to deliver materials to fish-bearing streams in the 
central Oregon coast.  The primary features were gradients of 8-10% with tributary 
junction angles of <45o.   These features can be identified from Digital Elevation Models 
(DEMs) and topographic maps.   
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